The present experiment was conducted to study the correlation and path coefficient analyses among some morphological and biochemical traits of twenty-three pomegranate genotypes. Results of correlation analysis showed a high, positive and statistically significant (at 0.1% P) correlation between fruit weight and fruit length (r= 0.897), peel weight (r=0.931), fruit volume (r= 0.67), fruit diameter (r=0.554) and total number of arils per fruit (r=0.428). Peel weight exerted direct positive effect as well indirect positive effect on fruit weight through characters like fruit volume, fruit length, total no. of arils per fruit, aril weight and fruit diameter while among the biochemical traits, fruit juiciness exerted maximum positive direct effect on TSS (0.298). The results suggested that these traits could be used for indirect selection of genotypes for higher yield and fruit quality traits will be suitable for cultivation as well as for use in breeding programme.
INTRODUCTION
Pomegranate (Punica granatum L.), one of the oldest cultivated species of fruit crops, is a predominant member of family Lythraceae (earlier Punicaceae) [1] . Pomegranate is highly prized for its juicy arils and has been deeply embedded in human history and was lauded in the old testament of the Bible, Koran, the Jewish Torah, and the Babylonian Talmud as a sacred fruit which confers the power of fertility, abundance, and good luck. The pomegranate is widely considered to be the native of region circumventing Iran and Northern India based on the wild pomegranate plants found in many forests of these areas. While others are of opinion that it is native to the smaller area of Iran and vicinity, and has stretched to a much broader area in prehistoric times mostly by human movement.
The edible part of fruit is aril which contains acids, sugars, vitamins, polysaccharides, polyphenols and minerals [2, 3] . Howsoever, several factors including cultivar, environmental conditions; ripening can exert an influence on the chemical compositions of the fruit, affecting fruit quality and health beneficial components. Pomegranate is very well adapted to the Mediterranean climate [4] . However, the agroclimatic conditions of the Deccan Plateau of India are highly suitable for production of fruit throughout the year [5] . In India, pomegranate is one of the major crops in states of Maharashtra, Karnataka, Gujarat, Andhra Pradesh, Uttar Pradesh and Tamil Nadu. However, the improvement in this crop through systematic breeding programme is still meagre basically because this crop has till date been considered as a minor fruit crop in India. Nevertheless, since the establishment of National Research Centre (NRC) for pomegranate, the efforts in this direction have increased significantly.
Yield is a complex trait which not only is influenced by environment but is also dependent on various yield components like number of fruits per plant, fruit weight, fruit diameter etc. [6] which exerts positive or negative effects on this trait. Thus, an increase in yield through breeding necessitates the studies on the correlations as well as the direct and indirect effects of yield components to understand the relative contribution of each of these components that ultimately impacts the final yield and hence provides a criterion for the selection of desirable genotypes [6] . Correlation coefficient measures the mutual relationships between any two traits, which is helpful for understanding the association of these traits with yield as well as between other traits. This eventually enables a breeder to devise an efficient strategy for indirect selection for yield using component character association along with simultaneous selection of multiple traits. However, the use of correlation analysis alone is not sufficient to explain completely the relationships among different characters and hence, the path coefficient analysis is used for complete determination of the impact of each independent variable on the dependent one. The path coefficient analysis helps the breeders to identify the direct and indirect effects of each component trait on yield and provides a comprehensive insight into the inter-relationship between various characters. The objective of this experiment was to study the nature and degree of direct and indirect effects of various yield contributing characters in pomegranate.
MATERIALS AND METHODS
Twenty-three pomegranate genotypes (Table 1) having distinct diversity for various morphological and biochemical traits were taken in a randomized block design with three replications at the experimental orchard, University of Horticultural Sciences, Bagalkot, during Hasth bahar (Sept-Oct) season of 2016-2017 . Plants were maintained using standard cultural management practices till the fruits were ready for harvesting.
Three plants from each genotype (each plant serving as one replication) were randomly selected for recording data on different morphological and biochemical traits ( Table 2) . Analysis of variance was done using replicated phenotypic data and was used for the estimation of correlations. The correlation coefficients (phenotypic) were computed to determine the degree of association between various morphological as well as biochemical character using the formula given by Webber and Moorthy [7] .
Further, the phenotypic correlation coefficients were compared against Table value at (n-2) degrees of freedom at the probability levels of 0.05 and 0.01 to test their significance [8] . Path coefficient analysis was carried out separately for morphological and biochemical characters by using the correlation coefficients to determine the direct and indirect effects of all the components on fruit weight or total fruit yield/plant as suggested by Wright [9] and illustrated by Dewey and Lu [10] . 
RESULTS AND DISCUSSION
Correlation coefficient measures the mutual relationships between the various traits, which is helpful for understanding the association among various traits. This eventually enables a breeder to devise efficient strategies for indirect selection using component character along with simultaneous selection of multiple traits. Fruit weight is an important economic trait for pomegranate which has the most important bearing on the total yield of the crop. Thus, in order to increase the yield and make efficient selection for higher yield, it is highly important that the associations of different quantitative traits with fruit weight should be known.
The results of the correlation analysis among the different morphological and biochemical traits is shown in Table 3 (a&b).With regard to the 26 morphological traits, fruit weight was found to have significantly high positive correlation (at P 0.1%) with traits like fruit length (r= 0.897), peel weight (r=0.931), fruit volume (r= 0.67), fruit diameter (r=0.554) and total number of arils per fruit (r=0.428). However, no significant negative correlations were found between fruit weight and other studied traits. This result is in harmony with earlier report by Mir et al. [11] , where they found a significant positive correlation between fruit weight and fruit diameter, fruit volume, juice content, fruit set and number of fruits/plant and gross fruit yield. Verma et al. [12] has reported positive correlations of fruit weight with fruit diameter and fruit volume in case of strawberry.
Fruit length was also found to have significant positive correlation with fruit volume (r=0.668), aril and seed parameters like fresh and dry weights of 100 arils (r=0.677; 0.397), aril length (r=0.475), aril width (0.428) and total number of arils (r=0.428). Fruit length by width ratio, which determines the fruit shape was found to be significantly and positively correlated with fruit length (r=0.823) and crown length (r=0.925). Fruit volume had a significant positive correlation with different fruit and aril parameters like peel weight (r=0.683), fresh weight of 100 arils (r=0.865), total no. of arils per fruit (r=0.631), aril length (r=0.693) and crown length (r=0.699). No significant negative correlations were found between fruit volume and other studied traits.
The significantly high correlation observed between fruit volume and weight (r = 0.976) indicates that weight can be interchangeably used to indicate size. Also, aril number per fruit exhibited a strong linear relationship with fruit size. Thus, any of the characteristics loading high on the factor analysis fruit index (fruit volume, fruit weight, aril weight per fruit, skin and pericarp weight, and aril number) could serve as a measure for grading pomegranate fruit for different purposes (e.g., fresh fruit versus extracted arils) where fruit weight, diameter, or volume could be used as the index of size. Understanding that, number of arils dictates final fruit size can have important implications on cultural practices since each aril is the product of fertilization, obtaining large fruit and high yields will depend upon careful crop management during the early stages of pollination and fertilization and subsequent fruit set and development. An interest in understanding fruit attributes and how fruit size relates to the percent of edible aril weight is pertinent, especially with the onset of mechanical extraction methods [13] for marketing of pomegranate arils in a ready-toeat form.
Fresh weight of 100 arils was having strong positive correlation with other aril parameters viz., peel weight (r=0.626), total no. of arils (r=0.596), aril length (r=0.668) and aril width (r= 0.337 at P 1%). However, dry weight of 100 arils was found to be significantly and positively correlated with moisture per cent (r=0.265 at 5% P), in addition to its strong positive correlation with rind thickness (r=0.438) and aril width (r=0.420).
Moisture per cent of the fruit was found to be significantly negatively correlated with rind thickness (r=-0.412). Peel weight was significantly and positively correlated with total no. of arils per fruit (r=0.415) and aril length(r=0.446). Further, it was also found to be significantly and positively correlated with Fruit weight, fruit length, aril weight, total no. of arils per fruit, aril length and width and seed length as well as rind thickness. This finding agrees with the results of Zamani et al. [14] and Karimi and Mirdehghan [15] .
Zamani et al. [14] found peel weight to be significantly correlated with fruit weight (r = 0.86), aril weight (r = 0.73) and aril length (r = 0.51) and Karimi and Mirdehghan [15] reported a significant correlation between peel weight and fruit diameters (r = +0.94), and fruit length (r = +0.93) however in contrast to the findings of this study, they observed a negative correlation of peel weight with number of arils in fruit (r = -0.78). Moreover, they reported a positive correlation Traits X1  X2  X3  X4  X5  X6  X7  X8  X9  X10  X11  X12  X13  X14  X15  X16  X17  X18  X19  X20  X21  X22  X23  X24 between number of arils in fruit and fruit length (r = 0.74), and a similar trend has been observed in this study for the aforementioned trait. KhadiviKhub et al. [16] also found that fruit weight, fruit diameter and fruit length were positively correlated with each other and emphasized that these characters can be used to predict each other.
Among the biochemical parameters, anthocyanin content showed a significant positive correlation with titratable acidity (r=0.405) and a strong negative correlation with fruit juiciness percentage and ascorbic acid content (-0.315 at P=1%). On the other hand, ascorbic acid was found to be positively correlated with titratable acidity (r=0.350, at P=1%) while a strong negative correlation existed between this parameter and pH of the juice (r=-0.647 at P=0.1%). Titratable acidity was significantly and negatively correlated with pH (r=-0.510 at P=0.1%). Titratable acidity (TA) was found to be significantly and negatively correlated with pH, which in turn was showing negative correlation with TSS which agrees with findings of KhadiviKhub et al. [16] Zamani et al. [14] reported titratable acidity (TA) to be negatively correlated with TSS (r = -0.56) and pH (r = -0.86) and similar reports are available from the investigations of Zamani et al. [17] and Mir et al. [18] .
Path coefficient analysis provides a comprehensive insight into the inter-relationship between various characters. In pomegranate fruit yield is influenced by a number of interdependent traits. This inter-dependence between the component traits influences the direct relationships of traits with each other, making the correlation coefficient derived information less dependable. Under such circumstances, path coefficient analysis provides a better selection index by separating the correlation coefficients of yield and its components into direct and indirect effects [19] .
The traits selected for correlation studies were also analysed for phenotypic path coefficient analyses the results of which are summarised in the Table 4 (a & b). Fruit weight is an important trait which has bearing on total fruit yield. Since, our focus was to select for genotypes bearing big size fruits which are suitable for export as well as preferred in the domestic market, fruit weight was selected as the dependent character for the morphological traits studied, to find out the direct and indirect effects of rest characters taken as independent characters. Direct positive effect of fruit weight on yield has been reported in pomegranate and ber [19, 20] . Direct effects (positive or negative) on fruit weight was found to be exerted by traits like peel weight, aril weight and seed percentage. Out of these, peel weight (0.62) and seed percentage (0.99) had a positive direct effect on fruit weight. On the other hand, aril weight (-0.10) had exerted a negative direct effect on fruit weight. Similar trends were observed for indirect effect where also only the aforementioned traits were found to have indirect effect on fruit weight through various others traits under investigation.
Among these, peel weight was observed to exert positive indirect effect on fruit weight through characters like fruit volume, fruit length, total no. of arils per fruit, aril weight and fruit diameter. A negative indirect effect of peel weight, although of lesser magnitude, was also found, on fruit weight through seed percentage.
Aril weight also exerted indirect positive effect on fruit weight through fruit length, fruit diameter, fruit volume, peel weight and total no. of arils, with its highest indirect effect through fruit volume followed by fruit length. Unlike peel weight, aril weight exerted a negative indirect effect on fruit weight through skin percentage. Although, seed percentage was found to have direct negative effect on fruit weight, it exhibited an indirect positive effect on the fruit weight through skin percentage, while an exact opposite Traits X1  X2  X3  X4  X5  X6  X7  X8  X9  X10  X11  X12  X13  X14  X15  X16  X17  X18  X19  X20  X21  X22  X23  X24 X25 X25 Fr.wt X1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.95 X2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.87 X3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.46 X4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.98 X5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.71 X6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.65 X7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.26 X8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.88 X14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.43 X15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.46 X16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40 X17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 X18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.23 X19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 X20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 X21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.16 X22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.16 X23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.06 X24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 X25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 trend was observed for indirect effect of skin percentage on fruit weight through seed percentage (Table 4a ). Mir et al. [19] , also reported that number of fruit/plants, fruit weight, fruit volume and fruit set exerts maximum positive direct effect towards gross fruit yield (kg/ plant) suggesting that both the number of fruits/plant and fruit weight could form a selection criterion for yield improvement in pomegranate. Number of fruits per plant has been found to have positive and significant association with maturity duration, dormancy duration and yield per plant and selection based on these characters is suggested to be effective for increasing number of fruits and yield per plant in pomegranate [21] .
Furthermore, for the six biochemical parameters analysed, TSS was selected as a dependent character to find out the direct and indirect effects of other five characters selected as independent characters. Considering rates of direct effect on TSS, the highest value was obtained from Fruit juiciness (0.298). Positive and negative indirect effects also existed of the independent traits on TSS. Titratable acidity was found to exert a negative indirect influence on TSS through pH (-0.204) while pH was showed to have a negative indirect effect on TSS through ascorbic acid (-0.086) (Table 4b ).
CONCLUSION
Comparing correlation coefficient values of different morphological and biochemical traits, significant differences were observed. Fruit weight is an important trait with direct bearing on total crop yield, in the present study a significant association was obtained between fruit weight and traits like fruit length, peel weight, fruit volume, fruit diameter and total number of arils per fruit. Based on these results these traits could be an effective selection criterion for selecting cultivars with high yield potential. The results of path coefficient analysis, demonstrates that Peel weight exerts positive indirect effect on fruit weight through characters like fruit volume, fruit length, total no. of arils per fruit, aril weight and fruit diameter, suggesting that these traits could be used for indirect selection of genotypes for higher yield and genotypes with these traits should be used for cultivation as well as in breeding programme.
